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VALVE HAVING AN INTEGRATED ACTUATOR ASSEMBLY 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 

DEVELOPMENT 

[0001] This invention was made with Government support under contract 
number N00019-02-C-3002, awarded by the U.S. Navy. The Government has 
certain rights in this invention. 

FIELD OF THE INVENTION 

[0002] The present invention relates to valve actuators and, more particularly, 
to a valve actuator that integrates at least a motor, a position sensor, and an output 
shaft into a single actuator housing. 

BACKGROUND OF THE INVENTION 

[0003] Valves are used in myriad systems to control the flow of fluid to and 
from one or more systems or components. In many systems, these valves are 
operated using some sort of remotely controlled valve actuator assembly. Such 
actuator assemblies include a torque source that is used to move the valve between 
its open and closed positions. The torque source may be, for example, a hydraulic 
actuator, a pneumatic actuator, or an electrical actuator, such as solenoids, and 
motors. 

[0004] Many valve actuator assemblies are an agglomeration of several 
components and/or subassemblies that are interconnected and incorporated into 
the final valve assembly. Although these valve actuator assemblies are safe and 
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reliable, each presents certain drawbacks. For example, a valve actuator assembly 
constructed of numerous individual components and/or subassemblies may 
increase overall weight, size, and cost of the valve to which the actuator assembly 
is coupled. In addition, the relatively large number of parts may, among other 
things, adversely impact the overall reliability and performance of the valve 
actuator assembly. 

[0005] One of the several individual components and/or subassemblies that 
make up the above-described actuator assemblies is a position sensor, which is 
used to supply a signal representative of the position of the valve. In many 
instances, the position sensors that are used are contamination sensitive and/or 
cannot be exposed to system fluids without incurring damage. Hence, to protect 
the position sensor from contamination and/or exposure to system fluids, dynamic 
seals are employed. Although dynamic seals are reliable in inhibiting 
contamination and fluids from reaching the position sensor, the seals can also 
create significant frictional torque. As a result, the operating torque margin for 
the actuator assembly torque source may be reduced, which may result in the need 
for a larger torque source, which may in tum increase valve weight and cost. 

[0006] Hence, there is a need for a valve actuator assembly that is not 
constructed of numerous individual components and/or subsystems, and/or does 
not use djmamic seals or other potential sources of frictional torque, and/or 
reduces V2dve and valve actuator assembly weight, and/or reduces valve and valve 
actuator assembly cost, and/or improves valve and valve actuator reliability as 
compared to present valve and valve actuator assemblies. The present invention 
addresses one or more of these needs. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides valve assembly that includes a fully- 
integrated actuator assembly. The actuator assembly includes, within a single 
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housing assembly, a torque source, a position sensor, a gear train, and an output 
shaft. 

[0008] In one embodiment, and by way of example only, a valve assembly 
includes a valve body, a valve element, and an actuator assembly. The valve body 
has at least a fluid inlet, and a fluid outlet. The valve element is disposed at least 
partially within the valve body and is moveable between an open position, in 
which the valve body fluid inlet is in fluid commimication with the valve body 
fluid outlet, and a closed position, in which the valve body fluid inlet is not in 
fluid communication with the valve body fluid outlet. The actuator assembly is 
coupled to the valve element and includes a housing, a torque source, a position 
sensor, and an output shaft. The torque source is disposed within the housing, and 
is adapted to receive one or more position control signals and is operable, in 
response thereto, to supply a drive force. The position sensor is disposed within 
the housing, and is coupled to receive the drive force and is operable, in response 
thereto, to supply a signal representative of valve position. The output shaft is 
disposed at least partially within the housing and is coupled to the valve element, 
the output shaft is fiirther coupled to receive the drive force fi-om the torque 
source, to thereby selectively move the valve element, upon receipt of the drive 
force, between the open and closed positions. 

[0009] In another exemplary embodiment, a valve actuator assembly that is 
configured to move a valve between an open and closed position includes an 
actuator housing, a torque source, a position sensor, and an output shaft. The 
torque source is disposed within the actuator housing, and is adapted to receive 
one or more position control signals and is operable, in response thereto, to supply 
a drive force. The position sensor is disposed within the actuator housing, and is 
coupled to receive the drive force and is operable, in response thereto, to supply a 
signal representative of valve position. The output shaft is disposed at least 
partially within the actuator housing and is coupled to the valve element, the 
output shaft is fiirther coupled to receive the drive force from the torque source, to 
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thereby selectively move the valve, upon receipt of the drive force, between the 
open and closed positions. 

[0010] Other independent features and advantages of the preferred valve and 
actuator assemblies will become apparent from the following detailed description, 
taken in conjunction with the accompanying drawings which illustrate, by way of 
example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a perspective exploded view of a valve assembly according to 
an exemplary embodiment of the present invention; 

[0012] FIGS. 2 and 3 are cross section views of the assembled valve assembly 
shown in FIG. 1 ; 

[0013] FIG. 4 is a schematic diagram of an valve actuator assembly according 
to an exemplary embodiment that may be used in the valve assembly of FIGS. 1- 
3; and 

[0014] FIG. 5 is a perspective exploded view of a valve assembly according to 
an exemplary altemative embodiment of the present invention. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

[0015] Before proceeding with the detailed description, it is to be appreciated 
that the described embodiment is not limited to use in conjunction with a specific 
type of valve assembly. Thus, although the present embodiment is, for 
convenience of explanation, depicted and described as being implemented in a 
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plug valve assembly, it will be appreciated that it can be implemented in various 
other types of valve assemblies. 

[0016] An exemplary embodiment of a valve assembly 1 00 is illustrated in 
perspective view in FIG. 1, and in two different cross section views in FIGS. 2 
and 3, and is shown to include a valve body 102, a valve element 104, and an 
actuator assembly 106. The valve body 102 includes a fluid inlet 108, and a fluid 
outlet 110. The valve element 104 is mounted within the valve body 102 between 
the fluid inlet 108 and fluid outlet 1 10. In the depicted embodiment, the valve 
element 104 is a plug valve that is substantially cylindrical in cross section, and 
includes a lower shaft 1 12, an upper shaft 1 14, an engagement structure 116, and a 
flow passage 118 that extends through the valve element 104. The upper shaft 
1 14 is used to interface the valve element 1 04 to the actuator assembly 106. As 
such, it is also referred to herein as the interface shaft 114. Moreover, as was 
alluded to above, it will be appreciated that a plug valve is merely exemplary of 
one of the nimierous types of valve elements that could be used. 

[0017] No matter the particular type of valve element 104 used, it is seen that 
the valve element 104 is rotationally mounted within the valve body 102, and is 
moveable between a closed position and an open position. In the depicted 
embodiment, as shown most clearly in FIGS. 2 and 3, when the valve element 104 
is in the closed position, the flow passage 1 18 is not in fluid commxmication with 
the valve body fluid inlet 108 and outlet 110. Thus, fluid flow through the valve 
assembly 100 is inhibited. Conversely, when the valve element 104 is moved to 
the open position, the flow passage 1 18 is in fluid communication with the valve 
body fluid inlet 108 and the valve body fluid outlet 110. Thus, fluid may flow 
through the valve assembly 100. 

[0018] The valve element 104 may be rotationally mounted in the valve body 
102 using any one of numerous types of hardware and hardware configurations. 
In the depicted embodiment, however, the valve element 104 is rotationally 



mounted using two bearing assemblies, an upper bearing assembly 120, and a 
lower bearing assembly 122. The upper bearing assembly surrounds the interface 
shaft 114, and the lower bearing assembly 122 surrounds the lower shaft 1 12. A 
spring 124 is preferably disposed between the valve body 102 and the lower 
bearing assembly 122. The spring 124 supplies an upward bias to inhibit axial 
movement of the valve element 104 and to load the upper 120 and lower 122 
bearing assemblies. It will be appreciated that the yalve assembly 100 could be 
implemented without the spring 124. 

[0019] The valve actuator assembly 106 is mounted to the valve body 102, and 
is coupled to the valve element 104. The valve actuator assembly 106 includes a 
housing 126, a receptacle assembly 128, and a non-illustrated actuator. The 
actuator assembly housing 126 is mounted on the valve body 102, and is coupled 
thereto via, for example, one or more threaded fasteners 130 (only one shown). 
Referring to FIGS. 1 and 3 in combination, it is seen that a portion of the actuator 
assembly housing 126, referred to herein as the interface section 132, extends into 
an opening 134 formed in the valve body 102. A flange 136, which extends 
substantially perpendicular fi-om the actuator housing 126, seats against a 
peripheral sxirface of the opening 134. It is through the flange 136 that the 
fasteners 130 extend. 

[0020] The receptacle assembly 128 is coupled to the actuator assembly 
housing 126 and is adapted to receive valve command signals, and couple these 
signals to the non-illustrated actuator disposed within the actuator assembly 
housing 126. In response to the valve commands signals, the actuator assembly 
106 selectively moves the valve element 104 between the open and closed 
positions. To do so, the actuator assembly 106 is coupled to the valve element 
104 via an output shaft 302, which is shown most clearly in FIG. 3. In particular, 
the actuator assembly output shaft 302, as was alluded to above, engages the 
interface shaft 1 14 on the valve element 104. Thus, as the actuator assembly 
output shaft 302 rotates, the valve element 104 will correspondingly rotate. As 
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FIG. 3 also shows, the actuator assembly output shaft 302 and the interface shaft 
114 share the upper bearing assembly 120. 

[0021] Tximing now to FIG. 4, which shows the actuator assembly 106 in a 
simplified schematic form, a more detailed description of the actuator assembly 
106 will be provided. The actuator assembly 106 includes, within the actuator 
assembly housing 126, a torque source 402, a gear train 404, a position sensor 
406, and the output shaft 302. The torque source 402 may be any one of 
numerous devices that generate a torque in response to one or more command 
signals. In the depicted embodiment, the torque source 402 is a stepper motor. 
The stepper motor 402, as is generally known, includes a rotor 408 and at least 
two sets of stator windings 410, 412. These stator windings are electrically 
coupled to selected pins 414a-414d in the receptacle 128. The stepper motor rotor 
408 will rotate in either a clockwise or a counterclockwise direction depending on 
the phase sequence of the command signals supplied to the stator windings 410, 
412, and thereby supply a drive force to the other components within the housing 
126. 

[0022] The gear train 404 is coupled to receive the drive force supplied by the 
stepper motor 402 and transfer it to the other components within the housing 126. 
The gear train 404 may be configured as any one of numerous gear trains, but in a 
particular preferred embodiment is configured as a step-down (N:n) gear train. A 
step-down gear train 404 is preferred since the stepper motor 402 operates more 
efficiently at high rotational speeds, whereas the other components that receive the 
drive force transferred via the gear train 404 operate more efficiently and/or 
effectively at lower rotational speeds. 

[0023] The position sensor 406, which may be any one of numerous types of 
known position sensors, is preferably configured to receive the drive force 
supplied from the torque source 402 and transferred via the gear train 404. In the 
depicted embodiment, the position sensor 406 is an RVDT (rotary variable 
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differential transformer), that includes a primary winding 416, two secondary 
windings 418a, 418b, and a rotary core 420. The primary 416 and secondary 
418a, 418b windings are electrically coupled to selected pins 414f-414j. When 
the actuator assembly 106 is coupled to a control circuit (not shown) or other 
control signal source, the primary winding 416 is adapted to receive a 
substantially fixed- frequency AC signal. The secondary windings 418a, 41 8b, 
which are magnetically coupled to the primary winding 416 via the rotary core 
420, are electrically coupled in series with one another, but in opposite phase. As 
a result, the voltage magnitudes across each of the secondary windings 41 8a, 41 8b 
are subtracted from one another. The magnitude of the voltage difference varies 
with the rotational position of the rotary core 420. In particular, as the rotary core 
420 rotates, the magnetic coupling between the primary winding 416 and one of 
the secondary windings 418a (418b) increases while the magnetic coupling 
between the primary winding 416 and the other secondary winding 4 1 8b (4 1 8a) 
decreases, to thereby provide an indication of rotational position of the rotary core 
420, and thus the valve element 104. The RVDT position sensor 406 is not only 
accurate, but its operation is unaffected if it is wetted with fluid or exposed to 
contamination. As a result, a dynamic seal is not provided on the actuator 
assembly 106, which significantly reduces frictional forces in the actuator 
assembly 106. 

[0024] The output shaft 302 is coupled to receive the drive force supplied by 
the torque source 402. In the depicted embodiment, the output shaft 302 is 
coupled to receive the motor drive force via the gear train 404 and the position 
sensor rotary core 420. The output shaft 302, as was previously noted, is also 
coupled to the valve element interface shaft 114. Thus, as the torque source 402 
causes the gear train 404, the position sensor 406, and the output shaft 302 to 
rotate, the valve element 104 also rotates. 

[0025] The valve assembly 100 depicted in FIGS. 1-4 and described above is 
implemented as a two port valve. However, it will be appreciated that the valve 
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assembly 1 00 could be configured with more than this number of ports. For 
example, an exploded perspective view of a three port valve assembly 500 is 
illustrated in FIG. 5. 

[0026] The valve assembly 100 configuration and, more particularly, the 
actuator assembly 106 configuration described above provide a valve and actuator 
assembly with fewer parts than present designs, since many parts, such as various 
seals, rings, and individual component housings, are not used. With fewer parts to 
assemble, the manufacturing and assembly costs associated with the actuator 
assembly 106 can be reduced. In addition, the actuator assembly 106 provides 
improved torsional stif&iess, the likelihood of valve backlash is decreased, 
actuator output torque is improved, and heat rejection fi-om the electrical 
components in the actuator assembly 106 is improved. These factors also reduce 
the overall size of the valve assembly 100, lower the valve assembly weight and 
cost, and improve overall reliability and performance. 

[0027] While the invention has been described with reference to a preferred 
embodiment, it will be understood by those skilled in the art that various changes 
may be made and equivalents may be substituted for elements thereof without 
departing fi-om the scope of the invention. In addition, many modifications may 
be made to adapt to a particular situation or material to the teachings of the 
invention without departing from the essential scope thereof Therefore, it is 
intended that the invention not be limited to the particular embodiment disclosed 
as the best mode contemplated for carrying out this invention, but that the 
invention will include all embodiments falling within the scope of the appended 
claims. 



